The administration of extradural anaesthesia to patients undergoing elective Caesarean section allows the mother to be awake, minimizes the risk of pulmonary aspiration and avoids the depressant effects of general anaesthetics on the neonate (Shnider and Levinson, 1974) . In our department, 60% of all elective Caesarean sections were performed under extradural anaesthesia during 1986. However, there is a possibility that the technique could cause arterial hypotension in the mother, with a consequent impairment of uterine blood flow and placental perfusion-and this may, in turn, affect the circulation of the fetus. Direct effects of the local anaesthetic on fetal circulation are unlikely, provided conventional doses are used and inadvertent intravascular injection is avoided.
Until recently, it was not possible to study the human fetal circulation other than by cardiotocography. However, recent advances in ultrasonography have made it possible to investigate the fetal circulation in utero (Eik-Nes, Brubakk and Ulstein, 1980) . In a preliminary study of extradural anaesthesia in conjunction with Caesarean section in six patients, 1.5% etidocaine was combined with 0.5 % bupivacaine, both containing adrenaline at 5 ug ml" 1 , and we were able to show that there was no effect on the fetal circulation (Lindblad et al., 1984) . The purpose of the present study was to evaluate the effects, on the fetal circulation, of extradural anaesthesia with three commonly-used local anaesthetic solutions, and to confirm the results of the preliminary study. The indications for Caesarean section are listed in table II. The three local anaesthetic solutions used were administered in random fashion; apart from the anaesthetist, the investigators were blind to the particular solution administered. The women were divided into three groups: group Ea (n = 9) received extradural anaesthesia with 1.5 % etidocaine with adrenaline 5 ng ml" 1 , group Bp (n = 9) 0.5 % bupivacaine plain and group Ba (n = 9) 0.5 % bupivacaine with adrenaline 5 ng ml" 1 . Premedication with atropine 0.25 mg i.v. was given to three, four and four women in groups Ea, Bp and Ba, respectively, just before the induction of anaesthesia. The remaining patients received no premedication. After the infusion of 500-1000 ml of a balanced electrolyte solution, an extradural catheter was introduced through a 16-gauge needle at the L3-4 (n = 20) or the L2-3 (n = 7) space with the woman in the sitting TABLE II. Indications for the elective Caesarean section. Ea = 1.5% etidocaine with adrenaline; Bp = 0.5% bupivacaine; Ba = 0.5 % bupivacaine with adrenaline position. A test dose of 4 ml of local anaesthetic was given to exclude subarachnoid or i.v. administration. The total dose was determined according to the height of the patient by means of a schedule used at our department (table III) . Half of the remaining dose was given 4 min after the test dose, with the woman still sitting. After another 5 min, the woman was placed supine, tilted 45 ° to the right side, and given the rest of the total dose. This point was defined as time zero. At + 5 min, the woman was turned to a 15 ° lefttilted position, and a further 1 litre of balanced electrolyte solution was given. Maternal heart rate (ECG) was recorded continuously. Maternal arterial pressure was recorded by auscultation before the induction of extradural anaesthesia, and every 2-3 min thereafter, until the start of the operation, during which it was recorded every 5 min. Ephedrine 5-10 mg i.v. was given if a reduction in systolic arterial pressure indicated imminent hypotension (< 90 mm Hg). The distribution of cutaneous analgesia was T7  T8  T8  T1-T10 T6-T10  T6-T10  T5  T5  T5  T1-T9  T2-T6  T3-T8 recorded 15 and 30 min after the induction of extradural anaesthesia (table IV) . After the completion of the blood flow measurements, an additional dose of the local anaesthetic solution (25 % of the total dose according to table III) was given to obtain a cephalic spread to T5. Using Bromage's scale (1965) , the degree of motor blockade was recorded just before the start of surgery. Sensory blockade was assessed, during surgery, on a scale from 1 to 4, where 1 represented excellent analgesia, 2 mild discomfort requiring supplementary analgesia after delivery, 3 discomfort requiring supplementary analgesia before delivery, and 4 inadequate sensory block-general anaesthesia required. If the woman felt pain before delivery, 50% nitrous oxide in oxygen was administered, and if she felt discomfort after delivery, pethidine was given. Two days after surgery, each woman was asked to comment on her experience, and to state whether or not she would prefer a Caesarean section under extradural anaesthesia on a future occasion. At the same time, any late complications caused by the anaesthetic procedure were recorded. Before the induction of extradural anaesthesia, and 15 and 30 min thereafter, fetal heart rate and fetal blood flow were recorded. Fetal heart rate was counted from the blood velocity tracings. Blood flow was recorded from the thoracic part of the fetal descending aorta and from the intraabdominal part of the umbilical vein, and measured using the ultrasound method described by Eik-Nes, Marsal and Kristoffersen (1984) correction of the recorded blood velocity for the angle. The calculations of blood velocity (V) for each measurement were made on Doppler traces of at least 10 s duration obtained under steady state conditions without fetal breathing or gross movement. Vessel cross-sectional area (A), assumed to be circular, was calculated from the mean value of 10 vessel diameters measured in 10 frozen real-time images. The blood flow (Q) was calculated according to the formula Q = V.A/cos 45°. The blood flow was related to the infant's birthweight and expressed in ml min" 1 kg"
1 . The waveform of the maximum velocity curves recorded from the fetal aorta was analysed by computer (ABC 806, Luxor, Motala, Sweden), and characterized by the following variables: peak velocity (K pesk ), pulsatility index (PI) and rising slope (RS) ( fig. 1) (Lingman and Marsal, 1986) . PI indicates changes in vascular resistance peripheral to the site of measurement (Gosling et al., 1971) , and RS reflects myocardial contractility (Marsil et al., 1985) . The ultrasound intensities used were within recommended limits .
Student's paired t test (two-tailed) was used for comparisons within groups, P < 0.05 being considered significant. Figure 2 shows maternal heart rates and arterial pressures before, and 15 and 30 min after, the induction of extradural anaesthesia in the three groups. In group Ea, 15 min after the main dose, there were significant reductions in systolic (P < 0.05) and diastolic (P < 0.01) arterial pressures, and an increase (P < 0.05) in maternal heart rate. The decrease (P < 0.01) in diastolic arterial pressure and the increase (P < 0.01) in maternal heart rate persisted for 30 min after the main dose. In group Bp, the systolic arterial pressure was decreased significantly (P < 0.05) 15 min after the main dose. In group Ba, the diastolic arterial pressure was decreased, both at 15 (P < 0.01) and at 30 (P < 0.05) min after the main dose. The maternal heart rate was increased (P < 0.01) 15 min after the main dose. No instance of cardiac arrhythmia occurred in any of the groups. Seventeen women were given ephedrine 5-20 mg during the first 30 min after the main dose of the local anaesthetic solution: seven in group Ea, BRITISH JOURNAL OF ANAESTHESIA six in group Bp and four in group Ba. The median amount of ephedrine given during this first 30 min was 7.5 mg (range 5-20) in group Ea, 10 mg (range 10-20) in group Bp, and 7.5 mg (range 5-10) in group Ba. The total amounts of ephedrine given during extradural anaesthesia were 100 mg, 125 mg and 95 mg in groups Ea, Bp and Ba, respectively. A systolic arterial pressure less than 90 mm Hg during the first 30 min after the main dose of local anaesthetic was recorded in two women in group Ea, in four women in group Bp, and in two women in group Ba. The hypotensive events were all of less than 2 min duration. The cephalic spread of cutaneous analgesia is shown in table IV. No difference was found between the three groups. The degree of motor blockade was greatest in group Ea (table V) .
RESULTS

Preoperative effects on the patients
Effects on the fetus
Fetal circulatory variables before and after the induction of anaesthesia are shown in figure 3 and table VI. Fetal heart rate decreased (P < 0.05) 15 min after the main dose in group Ea, but remained unchanged in the other two groups. Fetal blood flow in the thoracic part of the descending aorta remained unaffected in groups Ea and Bp, but increased (P <0.05) 30 min after the main dose in group Ba. Blood flow in the intra-abdominal part of the umbilical vein remained unaffected in all groups, as did V^^, PI andRS.
Peroperative effects on the women
No circulatory complications occurred during surgery. There was no instance of cardiac arrhyth- 
Effects on the newborn
Apgar scores, and umbilical venous and arterial pH, are summarized in table VII. No differences were found between the groups. One newborn in group Ea had an Apgar score of 7 at 5 min and developed respiratory distress syndrome, but recovered within 3 days.
Postoperative effects
There were no late maternal complications caused by the anaesthetic procedure. All but two of the patients stated a preference for extradural anaesthesia at any future Caesarean section. One woman in group Bp, who had experienced the surgical procedure as "violent", stated a preference for general anaesthesia in future. The patient with the unilateral block (group Ba) was undecided as to any future extradural anaesthesia.
DISCUSSION
The combination of real-time linear array ultrasound and the pulsed Doppler technique has opened up new possibilities for non-invasive measurement of human fetal blood flow in utero (Eik-Nes, Brubakk and Ulstein, 1980) . The accuracy and reproducibility of the blood flow estimations with this technique have been evaluated in methodological studies both in vitro and in vivo. In an experimental study, the ultrasound/ Doppler technique was compared with an electromagnetic method (Eik-Nes et al., 1987) . Correlation coefficients between the two methods ranging from 0.89 to 0.98 indicate that the ultrasonic method is reasonably accurate. Except for measurements of vessel diameter, the reproducibility of the ultrasound/Doppler technique is good, both for any given operator and from one operator to another . Even though Eik-Nes and colleagues (1982) showed that the measurement of the diameter of the vessel was the most critical feature of blood flow examinations, maximum errors in volume blood flow did not exceed 10-13% in vessels of diameter 6-8 mm. In the present study, the gestational ages ranged from 37 weeks to 41 weeks, when vessel diameters normally exceed 6 mm.
This ultrasonic technique has been applied in studies of pharmacological effects on fetal circulation of drugs used in pregnancy and labour (Kirkinen and Jouppila, 1983; Lingman, Lundstrom and Marsal, 1986; Montan et al., 1987) . As extradural anaesthesia is used commonly during labour and for elective Caesarean section, we considered it important to examine the possible effects on fetal blood flow of extradural anaesthesia induced with the three anaesthetic solutions most commonly used in our Department.
Etidocaine and bupivacaine are both highly protein-bound. The fetal: maternal ratios of etidocaine and bupivacaine concentrations in blood are less than 1.0 (i.e., less of the drug reaches the fetus than is present in the maternal circulation). It has been claimed that this is because of extensive fetal tissue uptake rather than slow placental transfer. In the rabbit, however, fetal tissue uptake could not account for persisting low fetal: maternal ratios of bupivacaine (Carson and Reynolds, 1986) . However, no central nervous system effects of etidocaine (Lund et al., 1977) or bupivacaine (Scanlon et al., 1976; McGuinness et al., 1978) have been detected by neurobehavioural testing. Maternal and fetal blood concentrations of etido-TABLEVII. Umbilical blood pHand Apgar score. Ea = l.S 0 / 0 etidocainewithadrenaline;Bp = 0*5%bupiva-caine; Ba = 05% bupivacaine with adrenaline
Group Ea
Group Bp Group Ba (" = 9) {n = 9) (n = 9) caine (Lund et al., 1977) or bupivacaine (Belfrage et al., 1975) increase rapidly after induction of extradural anaesthesia, and maximum concentrations of bupivacaine have been reported to occur 10-30 min after induction of extradural anaesthesia (Belfrage et al., 1975) . This corresponds to the period when the blood flow measurements were performed in the present study. We were able to confirm that etidocaine induces a profound degree of motor blockade. Adequate sensory blockade was obtained to an equal extent in all three groups, as measured by the frequency of subjective discomfort during the surgery, requirements for supplementary analgesia, and patients' comments.
The inclusion of adrenaline in the local anaesthetic solutions used for extradural anaesthesia has been reported to increase the intensity of the analgesia, but also the frequency of hypotension (Bromage, 1978) . In contrast, Levinson and colleagues (1975) found no difference in the frequency of hypotension during extradural anaesthesia, whether or not adrenaline was included in the local anaesthetic. In our study, despite the use of a left lateral tilt to avoid aortocaval compression, preloading infusion and ephedrine, maternal arterial pressure was affected to some extent by extradural anaesthesia with all the three local anaesthetic solutions. The frequency of systolic arterial pressure less than 90 mm Hg was slightly greater in group Bp. The total requirements for ephedrine did not differ between the groups.
In the present study, fetal heart rate was affected only by Ea, and although the decrease in fetal heart rate was significant, it remained within normal limits. The success rate in recording the fetal aortic blood flow was 100 %, and in recording the umbilical venous blood flow 83 %, which is in agreement with the results of other investigators (Eik-Nes et al., 1982) . Fetal blood flow in the thoracic part of the descending aorta and in the umbilical vein was not affected by extradural anaesthesia with any of the three local anaesthetic solutions, except for a 12 % increase in fetal aortic blood flow 30 min after induction of extradural anaesthesia with Ba. However, this increase remained within the normal range for aortic blood flow. In a previous study of fetal blood flow during obstetric analgesia (Lindblad, Bernow and Marsal, 1987) , we reported an increase in fetal aortic blood flow during labour in parturients given no analgesia, as well as after extradural anaesthesia with bupivacaine. While an increase in fetal aortic blood flow seems to be harmless, a reduction of fetal aortic blood flow has been reported in fetuses in imminent danger of asphyxia (Lingman, Laurin and Marsal, 1986) ; the aortic velocity tracings of such fetuses also show elimination of the diastolic flow and increased PI. No such changes were observed in the present study.
An increase in fetal heart rate has been reported after the administration of ephedrine to the mother (Wright et al., 1981) . Ephedrine was used to treat imminent hypotension in this study. We found no increase in fetal heart rate in the 17 fetuses whose mothers had received ephedrine, probably because of the small doses used. Ralston, Shnider and deLorimer (1974) found no detrimental effect of ephedrine on uterine blood flow in normotensive pregnant ewes and Hollmen and colleagues (1984) reported no effect of ephedrine on human placental blood flow. When we compared fetal aortic and umbilical blood flows in the 10 fetuses whose mothers had not received ephedrine with the 17 fetuses whose mothers had received ephedrine, we found no difference. Thus, we do not believe the use of ephedrine to have any harmful effect on the fetal blood flow.
In summary, 1.5% etidocaine with adrenaline 5 ug ml" 1 , 0.5 % bupivacaine plain and 0.5 % bupivacaine with adrenaline 5 ug ml" 1 all gave a satisfactory sensory block when used for extradural analgesia. After etidocaine with adrenaline, the motor blockade was more profound, although its greater efficacy in this respect is without advantage to the operator or to the patient. The fetal circulatory variables remained stable and within the normal limits, indicating that extradural anaesthesia with any of the three drug regimens studied is safe for the fetus if maternal hypotension is avoided.
